Abstract-The response of most stock variables (e.g., capital, housing, consumer durables, and prices) to exogenous impulses involves a dynamic-or "short-run"-reaction, and a target-or "long-run"-reaction. The difference between these two is typically attributed to some form of adjustment cost. In this paper I argue that the small sample problems of cointegrating procedures used to estimate the "long"-run component are particularly severe when adjustment costs are important. More precisely, elasticity estimates will tend to be biased downward. I illustrate the empirical relevance of this by showing that the target elasticity of capital with respect to its cost is severely downward biased when estimated with conventional OLS cointegration procedures. Once this is corrected, the elasticity of the U.S. capital-output ratio to the cost of capital is found to be large and close to (minus) one.
dynamic relationship between capital and its cost.
Before disposing of neoclassical theory, one would like to know whether the target relationship is consistent with the basic implication of this theory or not. After all, the dynamic relationship is likely to be cluttered by adjustment costs of many sorts, and for many policy questions "long-run" responses are at least as important as short-run effects. The natural way to estimate these target relationships is with cointegration methods. In this paper I argue that the often disregarded small sample biases of OLS-cointegration methods are particularly harmful in any model in which adjustment costs are important. In particular, I show that the estimates of the long-run response of capital to changes in its cost are severely downward biased.
Econometricians have recently developed methods with better small sample properties.2 In this paper I use one of these methods-due to Stock and Watson (1993) -and find that after the biases are reduced, the target elasticity of the stock of capital to its cost is approximately unity; large relative to most estimates. 
I. Small Sample Bias
Let K*, the "frictionless" or "desired" stock of capital at time t, be a fixed linear function of an observable random walk vector Xt (more gen-SMALL SAMPLE BIAS AND ADJUSTMENT COSTS 53 eral processes are discussed later):
where a is a vector of constants. This is the target (and in this case, the long-run) relationship between the stock of capital and the variables in X.
Due to adjustment costs, the observed stock of capital differs from the desired stock of capital.
Defining the discrepancy between the actual stock of capital, Kt, and its frictionless counterpart by ZtI (Zt -K*), it is straightforward to see Zt is stationary; it follows from the theory of cointegrated processes that the vector a can be estimated consistently by ordinary least squares (OLS). However, one would like to estimate a not only consistently, but also with an "acceptable" degree of small sample bias. This, OLS will not do; the same adjustment cost theory that justifies the use of cointegrated analysis also implies that K* and Zt will be strongly negatively correlated. The small sample implication of this correlation is that OLS estimates of a are biased towards zero;3 this problem becomes more severe as the importance of adjustment costs rises.
Heuristically, the problem can be described as follows: Economic theory implies that in general, in any given sample the frictionless stock of capital fluctuates more than the actual stock of capital; thus, equation (1) 
A. Results
Since the frictionless stock of capital is not directly observable, some theoretical restrictions must be imposed in order to make this concept operational. Many alternative models (e.g., the simplest neoclassical framework) yield an equation for the capital/output ratio of the form: K*-Yt = ao + arRt, (7) where all the variables are in logs, Yt is some measure of aggregate value added, and Rt is an 6 Under the maintained assumption that Y and R are nonstationary, the no-cointegration null between them cannot be rejected. Initially, I included two lags of AY and AR on each equation; the equations reported and finally used contain only those coefficients that are significant. One may ask whether the increasing (in absolute value) feature of the coefficients as the number of (difference) lags rises is an artifact of the procedure. For this, instead of adding lagged values of AK*, I successively add stationary components uncorrelated with AK* (with variance equal to that of the AK*). Table 5 
III. Conclusion
Econometricians have noticed for some time that cointegration relationships estimated with OLS are subject to small sample biases. In this short paper I have pointed out that this problem is particularly severe when adjustment costs are important. Since this is the case for most stock variables macroeconomists care about, I argue that these biases should be taken more seriously.
As an example, I have shown that correcting these biases increases the estimate of the elasticity of capital with respect to its cost by a substantial amount. Capital corresponds to the fixed private equipment stock, and is constructed from the investment series of NIPA taking the starting value from the Department of Commerce of the Bureau of Economic Analysis capital stock series. Depreciation is assumed to be exponential and equal to 0.13 per year. Output is real GNP from NIPA and the cost of capital is constructed along the lines of Auerbach and Hassett (1990) . Two differences from theirs are that (i) I use the 3-month Treasury bill rate (using the dividend yield gives almost identical results), and (ii) I project the real perfect foresight (see explanation below) return on three lags of inflation (measured as the rate of change in the GNP deflator), the corporate tax rate and nominal T-bill rate.
The basic cost of capital series (before projection) is then: R' = (rt + 8 + 0.02) (1 Ft) pkt t ~~( 1-'rt) Pt where R' = eRt, r, is the T-bill rate minus the rate of change of the price of new capital, 8 is the depreciation rate, Ft is a measure of the prefect foresight present value of tax credits (see Auerbach and Hassett, 1990) , rt is the corporate tax rate, Pkt is the price of new capital (equipment investment deflator) and Pt is the GNP deflator. The 0.02 corresponds to an arbitrary risk premium.
